The study aimed to assess the suitability of slow-release fertilizers in cultivation of napa cabbage in the integrated production system. The objective was realized on the basis of a strict field experiment set up on soil with granulometric composition of light loam. The dose of fertilizer was the first experimental factor, and the fertilizer application was the second factor. The slow-acting fertilizer was applied under each plant during planting of seedlings and in the second variant. The fertilizer was applied in the row, about 5 cm under the seedling root level. On the basis of the results obtained in the experiments, the indices showing nitrogen fertilization efficiency were calculated Fertilization significantly modified the quantity of obtained yield. In the control, without mineral fertilization, the crop yield was 23.32 Mg ha -1 . The largest yield was 52.27 Mg ha -1 . Larger yields and more advantageous productive and environmental efficiency were obtained in objects with row application of fertilizer. The most advantageous agronomic efficiency and nitrogen recovery efficiency were obtained in the combination of 400 kg ha -1 of slow-acting fertilizer with traditional supplementary PK fertilizers in the case of point application of fertilizers. In the case of row fertilizer application, it is possible to use 50% more of the fertilizer dose without compromising the quality of the crop. Higher doses of free-acting fertilizers increased the standard deviation of the mass of cabbage, which is not desirable for production. The results show that under conditions of low mineral content in the soil, the slow-acting fertilizers can be used at a low level.
INTRODUCTION
Agriculture is perceived as one of the most important factors that shape the environment. Attention is most often drawn to the problem of emission of greenhouse gases, biogens and organic compounds which are active substances of pesticides. Intensification of crop production and the necessity to increase the amount of fertilizers and pesticides used that is associated therewith can have a negative effect on the quality of plant products intended for food and feed. The desire to produce agricultural products characterized by a low content of harmful substances using environmentally friendly technologies results from the shaping of consumer preferences, particularly in developed countries. Quality of food products, understood as the level of consumer satisfaction, is associated not only with product safety and sensory parameters, but also with production technology based on rationalization of the use of natural resources and energy (Alluvione et al., 2011) . Social practices and their conformity local law and international workers' rights conventions are very important issues connected with organization of production in agriculture. The needs of the market of food products were met by creating primary production quality systems which in a comprehensive way present the issues of the environment, product safety, social and economic aspects. The most important systems include Integrated Production, GLOBAL G.A.P., SAI. The issue of plant nutrition optimization is a very important part of all the above-mentioned quality systems in primary production. Crop fertilization is the most important agrotechnical measure that determines the yield amount and quality. Moreover, elements not used by plants are dispersed into the environment, leading to 87 intensification of eutrophication processes and the greenhouse effect. Optimization of fertilization is therefore a strategic area for development of agriculture and shaping its image in the present-day world (Mzoughi, 2011) . The efficiency of crop production under field conditions is conditioned by numerous factors connected with the properties of soil ecosystem's biotope and biocenosis, and with climatic conditions and the broadly understood agricultural technology. The effect of above-mentioned procedures is production of high quality food in terms of chemical composition and technological parameters. To obtain satisfactory results, both abiotic and biotic parameters of the agroecosystem and also production capacities of crops should be taken into account (Helandar and Delin, 2004) .
Therefore, implementation of effective fertilization methods is very difficult and often does not bring desired production effects. It is one of the main causes of the small interest of producers (Gaetano et al., 2016) . Sustainable agriculture is based on the use of cultivation techniques that make it possible to obtain high yields of good quality with rational use of soil resources, energy and chemical means of production. The idea of sustainable agriculture is being implemented within various quality systems such ecological farming, integrated farming. The aim of implementing quality systems in primary agricultural production is to produce high quality yields, while simultaneously respecting the aspects of environmental protection. Intensive development of quality systems for agricultural production that took place at the turn of the 20th and 21st centuries was the answer to problems connected with global degradation of the environment. It was also connected with increasingly common cases of detecting substantial amounts of harmful compounds in food, which was a consequence of improper use of pesticides. Measures that were taken in order to reduce pesticide use made it obligatory for agricultural producers to use integrated methods of protection (Mzoughi, 2011) . Inspections connected with the use of pesticides and campaigns that promote products with the quality systems logo among consumers increase the awareness among producers and consumers.
The aim of the conducted research was to determine the usefulness of using slow-acting fertilizers in Chinese cabbage fertilization using two fertilization methods. The efficiency of nitrogen fertilization was evaluated based on indices of fertilization efficiency such as: Agronomic efficiency, productivity rate and removal efficiency (IFA, 2007) . Indices that reflect fertilization efficiency provide a lot of information about environmental and production-related aspects of nitrogen fertilization.
To achieve the pursued objective, two field experiments that differed in the method of application of slow-acting fertilizer were conducted. The slow-acting fertilizer was applied pointwise and in rows, approximately 5 cm below plant roots. Using slow-acting fertilizers directly under the root limited plant growth and increased differences in the size of individual plants, which is unfavorable from the point of view of the commercial quality of the product (Niemiec, For each fertilization variant, documentation of production and technological processes was kept and it was compliant with guidelines included in the Regulation (Regulation, 2013). The plants were irrigated up to the optimum moisture content in order to eliminate the impact of water stress on the result of the experiments. Prior to setting up the experiment, analyses of physicochemical and chemical properties of the soil on which the experiment was set up had been conducted. The following were determined in the soil: reaction, granulometric composition, organic matter content, mineral nitrogen content, Kjeldahl nitrogen content and the content of available forms of P, K, Mg, Ca and the other macroelements and microelements.
A slow-acting multicomponent fertilizer with NPK(%) 19-05-20+4CaO+4MgO+19,5SO3 and ammonium nitrate was used in the experiment. Moreover, triple superphosphate and 60% potassium salt were used. The experience comprised three levels of fertilization with the use of slow-acting fertilizers, the control without fertilization and the control fertilized with traditional fertilizers in the amount corresponding to plant demand for nutrients, assuming the yield would be at the level of 60 Mg · ha -1 . The slow-acting fertilizer was applied pointwise under each plant, and in rowsapproximately 5 cm below the root level. Phosphatic and potassium fertilizers were applied in their entirety prior to sowing, whereas ammonium nitrate was divided into two doses: 60% of the dose was applied prior to planting and 40% after planting. The date for topdressing was selected based on the observations of meteorological conditions and monitoring of the condition of the plants. The scheme of the experiment is presented in Table 2 . The experiment was carried out in four replications using the randomized blocks method. The obtained results of mean element contents were compared using the student's t-test, at the significance level of p = 0.05. -------1  -400  68  200  126  30  120  pointwise application  2  200  -45  130  72  30  120  3  400  -22.5  65  90  30  120  4  600  ---108  30  120  rows application  5  200  -45  130  144  30  120  6  400  -22.5  65  50  30  120  7  600  ---100  30  120 Increasing the efficiency of fertilization, especially with nitrogen and phosphorus, is one of priority goals of agricultural sciences and production practice. Optimization is connected with using slow-acting fertilizers or fertilizers containing nanoparticles (Liu and Lal, 2015) . The amount of yield is the most important parameter in the assessment of economic efficiency of agricultural production from the producer's point of view. In our research, the yield obtained in the control treatment was at the level of 23.32 Mg · ha -1 (Table. 3). For fertilization resulting from fertilizer needs of the cultivated plants, a commercial yield of 48.38 Mg · ha -1 was obtained. Fertilization in the amount of 200 kg slow-acting fertilizer caused an increase in the quantity of commercial yield by approximately 50%. The highest yield (52.27 Mg • ha -1 ) was obtained in fertilization variant 7 with the addition of 600 kg slow-acting fertilizer applied in rows (Table. 3). In the case of point application of fertilizers, the highest yield was obtained with a 400 kg addition of a slow-acting fertilizer. Increasing the amount of fertilizer up to 600 kg caused a decrease in plant yielding. Niemiec (2014) also observed a decrease in Chinese cabbage yielding after application of 600 kg slow-acting fertilizer directly under root. Results obtained in this research, in confrontation with literature data, can point to no effect of slow-acting fertilizer application depth. However, research conducted by Niemiec (2014) was conducted on soil with a significantly higher abundance of nutrients and a higher amount of clay particles compared to this research. It is possible that the yield inhibition effect was linked to worse growth conditions caused by the increase in salinity in points. The assessment of plant yielding should always be investigated with respect to technological quality, which, among other things, consists in repeatability of product quality. Diversity in cabbage weight is not beneficial from the point of view of introducing the product to the market. Results of the conducted experiment indicate that the highest product repeatability was obtained for fertilization with traditional fertilizers. Variability within this treatment was approximately 20%. Fertilization with the use of slow-acting fertilizers caused an increase in diversification in cabbage head weight. At their highest dose, variability was at the level of 48.7% for row application and 82.0% for point application of fertilizers. From the point of view of the amount of yield and product repeatability, the best results were obtained at traditional fertilization. From the point of view of present-day quality standards in primary production, the agricultural system should be assessed using not only production indicators but also environmental indicators (Verzeaux et al., 2017) . The manner of fertilizer application is of great importance for reaching set production and environmental goals which are always connected with an increase in fertilization efficiency (Mucheru-Muna et al., 2010; Niemiec et al., 2015a; Nkebiwe et al., 2016). Productivity rate informs how much has plant yield increased after application of 1 kg nitrogen in the form of fertilizer. In our study it ranged from 269.8 to 630.9. The lowest value of this parameter was found in treatments with the highest dose of a slowacting fertilizer applied in points. On the other hand, the highest productivity rate was observed at application of slow-acting fertilizers in the amount of 200 kg (Table. 3). Niemiec (2014) found values of production efficiency coefficient of Chinese cabbage grown in soil with a high nitrogen content ranging from 650 to over 1800. A high productivity rate is characteristic for agroecosystems with a low level of fertilization. Its high value is not necessarily indicative of high production and environmental efficiency of the agricultural system (Dua et al., 2011) .
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Agronomic efficiency index is the most important indicator that reflects the efficiency of agricultural systems. The value of agronomic efficiency index for cereal production in developing countries ranges from 10 to 30 kg of a product • kg -1 nitrogen fertilization (Dobermann, 2007) . The value of agronomic efficiency index in individual variants of the experiment ranged between 6.16 and 35.92 kg • kg -1 expressed as Chinese cabbage dry matter yield, whereas Niemiec et al. (2015a) reported the value of this parameter in conventional cultivation of celery to be approximately 20 kg • kg -1 . The manner of application of nitrogen fertilizers is one of the most effective methods of improving the efficiency of fertilizer nitrogen utilization. Ma et al. (2015) stated that fertilization optimization with respect to the choice of chemical form of nitrogen and the manner of fertilizer application allowed to significantly increase the agronomic efficiency index in maize cultivation, reaching the value of 15 kg increase in grain weight after application of 1 kg fertilizer nitrogen. In our study, the value of this parameter ranged between 4.161 and 10 kg · kg -1 (Table. 3). There were slight differences in the value of this parameter between individual treatments. The highest values of this parameter were observed in the case of application of a slow-acting fertilizer in a dose of 400 kg · ha -1 , and the lowest ones were observed at application of 600 kg ha -1 slow-acting fertilizer, which was caused by plant growth disturbance. Removal efficiency is the most important indicator based on which one can assess agricultural systems in terms of the impact on the natural environment. This is because it indicates what part of nitrogen applied in the form of mineral fertilization is removed from the ecosystem with the yield. Due to the low capacity of the soil sorption complex to bind this element, its considerable part that has not been taken up with the yield is dispersed in the environment, leading to intensification of eutrophication processes. One of the strategic goals of the present day agriculture, common for all quality systems in primary production, is to increase the efficiency of fertilization to reduce production costs and reduce the negative impact of agriculture on the natural environment. The most important problem connected with implementation of precise fertilization systems is that producers have too little knowledge on fertilizer application technologies (Mucheru-Muna, 2010). Efficiency of element utilization from mineral fertilization depends on a lot of factors connected with habitat and climate. Therefore, all fertilizers introduced to the market must be fitted with technology allowing tem to be used in different habitat conditions (Ding et al., 2016) . Results of the conducted experiment indicate a substantial potential for using slow-acting fertilizers. Application of a slow-acting fertilizer caused an increase in the value of the productivity coefficient by approximately 50%, obtaining a yield comparable to that for conventional fertilization at a level compliant with the integrated production principles. The high difference in mass between individual plants is the factor that may limit the use of fertilization technology that utilizes slowacting fertilizers. Niemiec et al. (2015b) stated that the best production and environmental effects can be obtained by fertilizing with conventional fertilizers in conjunction with slow-acting fertilizers applied under root CONCLUSIONS 1. Application of slow-acting fertilizers using the row method yields better production results compared to point application of fertilizer under the root level. 2. The most favorable productivity rate and agronomic efficiency index were reached after application of 400 kg of a slow-acting fertilizer and full fertilization with phosphorus and potassium. 3. In the treatments fertilized with slow-acting fertilizers under root, using both the row method and the point method, the obtained yield was of worse commercial quality compared to the treatment fertilized conventionally (which resulted in more varied weight of the heads). 4. Using a fertilization technology based on the share of controlled release fertilizers may simplify rational management of nutrients in sustainable agriculture.
